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The ruby deposits of the Uluguru and Mahenge Mts, Morogoro Region, are related to marbles which represent the cover
sequence of the Eastern Granulites in Tanzania. In both localities the cover sequences define a tectonic unit which is
present as a nappe structure thrusted onto the gneissic basement in a north-western direction. Based on structural
geological observations the ruby deposits are bound to mica-rich boudins in fold hinges where fluids interacted with the
marble-host rock in zones of higher permeability. Petrographic observations revealed that the Uluguru Mts deposits occur
within calcite-dominated marbles whereas deposits in the Mahenge Mts are found in dolomite-dominated marbles. The
mineral assemblage describing the marble-hosted ruby deposit in the Uluguru Mts is characterised by corundum-dolomitephlogopite ± spinel, calcite, pargasite, scapolite, plagioclase, margarite, chlorite, tourmaline whereas the assemblage
corundum-calcite-plagioclase-phlogopite ± dolomite, pargasite, sapphirine, titanite, tourmaline is present in samples from
the Mahenge Mts. Although slightly different in mineral assemblage it was possible to draw a similar ruby formation history
for both localities. Two ruby forming events were distinguished by textural differences, which could also be modeled by
thermodynamic T–XCO2 calculations using non-ideal mixing models of essential minerals. A first formation of ruby appears
to have taken place during the prograde path (M1) either by the breakdown of diaspore which was present in the original
sedimentary precursor rock or by the breakdown of margarite to corundum and plagioclase. The conditions for M1
metamorphism was estimated at ∼750 °C at 10 kbar, which represents granulite facies conditions. A change in fluid
composition towards a CO2 dominated fluid triggered a second ruby generation to form. Subsequently, the examined units
underwent a late greenschist facies overprint. In the framework of the East African Orogen we assume that the prograde
ruby formation occurred at the commonly observed metamorphic event around 620 Ma. At the peak or during beginning of
retrogression the fluid composition changed triggering a second ruby generation. The late stage greenschist facies overprint
could have occurred at the waning stage of this metamorphic episode which is in the range of ∼580 Ma.
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Padparadscha is a sought-after variety of corundum showing subtle pinkish orange to orangey pink colour. Originally known
from alluvial deposits in Sri Lanka, similar stones today are also known from southern Tanzania and Madagascar. The
colour of padparadscha is mainly related to the presence of traces of Cr3+, Fe3+, and/or colour centers. These colour
centers, however, are not all stable when exposed to sunlight, but generally can be reactivated by a short (few minutes)
exposure to ultraviolet light. Similar reversible photochromism (or tenebrescence) has already been reported for near
colourless corundum and yellow sapphires (Nassau & Valente, 1987; Gaievskyi et al., 2014; Hughes, 2017).
The present study presents spectroscopic data and colour measurements (RGB) of 34 corundum samples with
padparadscha-like colour originating from classic deposits in Sri Lanka and from more recent discoveries in Madagascar
(Ilakaka and Ambatondrazaka). Interestingly, the specimens from Ambatondrazaka (central Madagascar) show a tendency
to change their colour in the course of weeks (or hours by using a fading test) by shifting from pinkish orange (colour centre
active) to pure pink (after fading). The instable orange colour can be restored in a few minutes by UV light (Figure 1).

Figure 1. Fancy sapphire from Ambatondrazaka (Madagascar) of 9.1 ct showing pink colour (actually the chromium-related stable colour of
this stone), which shifts to pinkish orange after activation of an orange colour centre, and subsequently returns to pure pink after fading
(back to stable colour).

Our study reveals that in terms of consumer protection, it is mandatory for any gem testing laboratory to carry out a colour
stability test for any padparadscha sapphire, as only stones with a stable colour should be attributed the variety name
padparadscha.
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This is the first detailed study of spinel inclusions from different marble-type gem localities within the Mogok area, Myanmar,
using optical microscopy, Raman microspectroscopy and scanning electron microscopy (SEM) equipped with an energy
dispersive spectroscopy EDS. For this study we analysed 100 gem-quality spinels of pink to red, orangey, and purplish grey
colour, which were collected from six different localities of the Mogok area. 87 alluvial samples were collected by the first
author directly from mining sites (Yadanar Kadae Kadar, Bawlongyi, Kyauksin, Kyauksaung, Pyaungpyin and Mansin) and
13 samples were collected from local markets.
Initially, the surfaces of all gem-quality spinel crystals were polished to get an overview on their inclusions. Afterwards, all
mineral inclusions were investigated with the polarization microscope and with the Raman spectrometer. Problematic and
particularly interesting mineral inclusions were brought to sample surfaces by polishing and finally these mineral inclusions
were identified with SEM using secondary electron images (SE), back-scattered electron images (BSE) and energy
dispersive spectroscopy (EDS).
The following 17 new minerals were identified for the first time as inclusions in spinel from Mogok (in alphabetical order):
amphibole (pargasite), anatase, baddeleyite, boehmite, brucite, chlorite, clinohumite, clinopyroxene, diaspore, goethite,
geikielite, gypsum, halite, marcasite, molybdenite, periclase and pyrrhotite. Furthermore, we found anhydrite, apatite,
carbonate (calcite, dolomite and magnesite), graphite, chondrodite, phlogopite and zircon, which were already known as
mineral inclusions in spinel from Mogok. Particularly interesting is the first discovery of geikielite (MgTiO3) in spinel from the
Mogok area. It forms tiny, colourless flakes of maximum 20 µm diameter oriented along the (111) crystallographic direction
of spinel. Their regular orientation - presumably as epigenetic precipitates – is related to the spinel structure. This inclusion
is similar to geikielite-rich ilmenite exsolution lamellae described from chromite-chrome spinel from metacarbonates of the
Oetztal-Stubai complex in Austria (Mogessie et al. 1988). Furthermore, exsolutions of dolomite in calcite inclusions were
identified by SEM- BSE and detected with EDS. Numerous solid inclusions consisted of different mineral phases (e.g.
calcite intergrown or aggregated with various primary and secondary mineral phases such as dolomite, apatite, anhydrite,
gypsum). These intergrowths, however, were beyond the resolution of the Raman microspectroscopy and could only be
detected by SEM microscopy.
In conclusion, we found that spinels of gem quality from the six sampled localities within the Mogok area have significantly
different populations of mineral inclusions, which are shown in Figure 1. The findings of the present study sheds light on the
formation of spinel in the Mogok area and possibly will enable gemmologists to better separate Mogok spinels from those
originating from other marble-related spinel deposits worldwide.

Figure 1. The population of inclusions found in spinel in different localities of spinel mines and the gem market in Mogok,
Myanmar.
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Zircon inclusions in selected sapphire samples from Kashmir origin were studied by HR SIMS and Laser-Ablation-ICPMS
for U-Pb age determination, as well as Raman spectrometry. The U-Pb age dating results show that Kashmir sapphires are
of 24.97 ± 0.22 Ma, which matches within their Alpine-Himalayan orogeny origins. It was also detected that Kashmir zircon
inclusion contain significant higher REE and U concentration than zircon from other origins. Furthermore Raman features of
zircon inclusions in the Kashmir sapphire showed a similarity of frequency of zircon v1 and v3 band and FWHM, which are
related to their trace element content, age, metamictization degree, and pressures within sapphire. Comparing the sapphire
from Madagascar, the Raman features provide a non-destructive methodic possibility to distinguish sapphire origins based
on their zircon inclusions.

Figure 1. Plotting υ3 band frequency versus FWHM, comparing zircon inclusions in Kashmir sapphire of this study with Ilakaka sapphire
and loose zircon from different origins
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